Overexpression of manganese superoxide dismutase suppresses increases in collagen accumulation induced by culture of mesangial cells in high-media glucose.
Superoxide has been implicated in the cellular signalling pathways, which regulate growth of mesangial cells (MC) and vascular smooth muscle cells. Manganese (Mn)(2+)-dependent superoxide dismutase (SOD-2) is primarily responsible for metabolism of superoxide produced in mitochondria by respiratory chain activity during aerobic metabolism of glucose and other substrates. In the current studies, we examined the role of superoxide in the stimulation of collagen accumulation induced in MC by culture in media containing a high concentration of glucose. Aconitase, an iron sulfur enzyme whose activity is inhibited by superoxide, was used as an index of cellular superoxide production and action. SV-40-transformed mouse MC were cultured in media containing 100 (low) or 500 (high) mg/dL D-glucose and infected with a recombinant adenoviral (Ad) vector encoding either human mitochondrial Mn(2+) SOD-2 or green fluorescent protein (GFP). In cells infected with SOD-2 (SOD-2-Ad) and cultured in low glucose, SOD-2 activity was 5-fold higher than in cells infected with GFP (GFP-Ad), whereas Cu(2+)/Zn(2+) cytoplasmic SOD (SOD-1) did not differ; culture in high-glucose media did not alter SOD-2 or SOD-1 activity in either GFD-Ad or SOD-2-Ad. In GFP-Ad, high glucose suppressed aconitase activity and increased collagen accumulation compared with corresponding values in low glucose. In SOD-2-Ad, high glucose failed to suppress aconitase activity or increase collagen accumulation. Addition of exogenous (presumably extracellular) SOD to GFP-Ad had no effect on the stimulation of collagen accumulation by high glucose. Analogous to the effects of SOD-2-Ad, diphenylene iodonium (DPI), a nonspecific inhibitor of the production of superoxide by mitochondrial respiration and other nicotinamide adenine dinucleotide (phosphate) (NAD)(P)H oxidase activities, reduced collagen accumulation in GFP-Ad cultured in low glucose and blocked stimulation of collagen accumulation induced by culture in high glucose. These results support a role for increased cellular superoxide production derived from NAD(P)H oxidase activity in the stimulation of collagen accumulation induced in MC by high glucose and demonstrate that an increase in mitochondrial SOD-2 activity suppresses this response.